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ABSTRACT 
 
Studies on the development of interface between biological molecules and novel nanomaterials have attracted research worldwide. Carbon nanotubes 
(CNTs) have become an important matrix for the fabrication of biomaterials due to its unique properties. Surface properties of the CNTs and the medium 
of immobilization are critical in the immobilization of biological molecules such as enzymes. In this study surface modification of multi-walled carbon 
nanotubes (MWCNTs) for carboxylic moieties attachment was accomplished by acid treatment and reaction with potassium permanganate.  The effect 
of these two oxidants on the surface modification of MWCNTs for the purpose Tyrosinase immobilization was studied. Commercial MWCNTs were 
treated with either concentrated sulfuric acid and nitric acid mixture with ratio 3:1 or with 0.1 M potassium permanganate via reflux, stirring and 
ultrasonication. The resulting surface modified MWCNTs were characterized with FT-IR spectrophotometer, FESEM, and TGA analyzer. The 
immobilized Tyrosinase was tested for leaching assay. The FTIR spectra of functionalized MWCNTs showed a significant peak in the range of 1700 cm-

1 to 1729 cm-1 indicating the presence of carboxyl double bond, which confirmed the successful functionalization of MWCNTs by chemical oxidation. 
The carboxylic peak of MWCNTs treated with KMnO4- showed higher intensity as compared to acid-treated MWCNTs. The acid-treated MWCNTs 
displayed a sparkling crystalline-like particles while the KMnO4-modified MWCNTs consists of smooth powdery particles. Both treated MWCNTs also 
showed good dispersion in aqueous solution with different amount of acidic and basic site present. 
 
| Carbon nanotubes| Oxidation | Enzyme immobilization |  
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1. INTRODUCTION 

 
The outstanding properties of carbon nanotubes 

(CNTs) have attracted researchers since the nanotubes were 
significantly introduced in 1991 [1]. The expected 
applications of the nanotubes include various field such as 
nanoelectronic devices, probe for scanning probe 
microscopy, sensors, and drug delivery [2-5]. Their 
applications and properties are dependent on the chemical 
functionalization as indicated by initial studies [6]. The 
presence of defects sites on CNTs can be conveniently used 
for chemical functionalization especially by oxidation 
process. The defect sites are relatively reactive with various 
chemical structures such as the Stone-Wales defect, 
pentagon-heptagon pair defect, and also structural defect 
[6]. These defects sites along with end caps are easier to 
oxidize as compared to the wall of sp2 bonded carbon. 
These sites are converted to oxygenated groups of 
carboxylic acid (R-COOH) or attached with hydroxyl group 
(-OH) after chemical oxidation process, which can be used 
for further functionalization.  
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Initial studies on functionalization of multi-walled 
carbon nanotubes (MWCNTs) are less reported as 
compared to single-walled carbon nanotubes (SWCNTs) 
due to the fact that functionalization of MWCNTs requires 
harsher condition and difficult to accomplish. However, 
properties of MWCNTs are relatively unaffected during 
functionalization because of their multi-layered structure 
whilst the conductive properties of SWCNTs decreased [7-
10]. This study focused on functionalization of MWCNTs 
via two oxidants with different oxidation ability and also 
techniques used for oxidation process. In this study, three 
techniques are used for oxidation which are sonication, 
reflux, and also stirring. Some studies mix two or three 
techniques together for oxidation purpose because each 
technique have different effect in oxidation reaction as 
studied in this research. The resulting functionalized carbon 
nanotubes (FCNTs) are applicable for various applications 
and this study focused on immobilization of Tyrosinase 
onto the FCNTs. 

Tyrosinase is a type of monophenol monooxygenase 
(EC 1.14.18.1) enzyme that catalyses the oxidation of 
phenols and is essential for melanization. It is found in 
abundance in animals and plant tissues which produces 
melanin and other pigments responsible for pigmentation in 
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:36," 0&?9(0" %&." *5223-6"A'))" ,0)2" 63" 4%:-'<%60" .0;'<0" 43-"
6,0" 25-23*0" 34" :'3*0&*'&>" 3-" .'%>&3*6'<" 60*6*" CDFE7" @&" 6,'*"
*65.9="6,0"89-3*'&%*0"A'))":0"'((3:')'?0."3&63" 6,0"GHI8*"
A'6," %" ,9236,0*'*7" 8,0" %(35&6" 34" 45&<6'3&%)" (3'06'0*"
2-0*0&6"%&.".'*20-*'3&"*6%:')'69"%440<6"6,0"'((3:')'?%6'3&"34"
89-3*'&%*0"A'6," 6,0" 0120<6%6'3&" 34" ,'>,0*6" '((3:')'?%6'3&"
3<<5-'&>"3&"GHI8*"A'6,",'>,0-"%(35&6" 45&<6'3&%)">-352*7"
8,0" *65.9"A'))" 43<5*" 3&" 6,0" -3)0" 34" 31'.%&6" '&" 6,0" *5-4%<0"
(3.'4'<%6'3&" 34" JKHI8*" 43-" 6,0" 25-23*0" 34" 89-3*'&%*0"
'((3:')'?%6'3&7"
"
2. EXPERIMENTAL  
 
2.1  Materials  
"

8,0" JKHI8*" A0-0" 25-<,%*0." 4-3(" L5&" I%&3="
H,'&%"A'6,"M"NOP"25-'69="DO/Q#"&(".'%(060-="%&."D/QO"R("
)0&>6,7"8,0*0"&%&365:0*"A0-0"5*0."%*"-0<0';0.="43))3A0.":9"
6-0%6(0&6"A'6," .')560." &'6-'<" %<'." 63" -0(3;0" 6,0" -0(%'&'&>"
'(25-'6'0*":9"-04)51'&>"43-"%&",35-"%6"SOTH7"U6,0-"-0%>0&6*"
*5<," %*" &'6-'<" %<'." VIU$=" *5)45-'<" %<'." VQLUF" %&."
236%**'5(" 20-(%&>%&%60" WJ&UF" A0-0" 25-<,%*0." 4-3("
L'>(%/X).-'<," %&." Y8" Z%+0-" %&." 34" %&%)96'<%)" >-%.07"
H3((0-<'%)'?0." 69-3*'&%*0" [B7H7D7DF7D\7D]" '*3)%60." %&."
25-'4'0." 4-3(" (5*,-33(*" A0-0" 25-<,%*0." 4-3(" L'>(%"
X).-'<," A'6," %&" 0&?9(0" %<6';'69" 34" $D$O" 5&'6*^(>7" 8,0"
25-<,%*0."69-3*'&%*0"A%*"5*0."A'6,356"45-6,0-"25-'4'<%6'3&7"
 
2.2  Methods  
 
2.2.1  Functionalization of MWCNTs 
 

_5-'4'0."*%(2)0"34"&%&365:0*"[QO"(>]"A%*" 6-0%60."
A'6," 0'6,0-" #O" (`" 34" <3&<0&6-%60." VQLUF" [N\P]" ^" VIU$"
[a$P]"3-"#O"(`"O7D"J"WJ&UF":9" *3&'<%6'3&=" -04)51=" %&."
*6'--'&>7" 8A3" *%(2)0*" A0-0" *3&'<%60." '&" A%60-" :%6," 43-" a"
,35-*=" %&36,0-" 6A3"*%(2)0*"A0-0" -04)510." 43-"F",35-*"%6" %"
<3&*6%&6"60(20-%65-0"34"\OTH="A,')0"6A3"(3-0"*%(2)0*"A0-0"
*6'--0." " 3;0-&'>,67" 8,0*0" %-0" 6,0" 692'<%)" 60<,&'b50*" 43-"
<,0('<%)" 31'.%6'3&" 34" HI8*" %*" '&.'<%60." :9" 2-0;'35*"
*65.'0*" A'6," 3&)9" *)'>,6" (3.'4'<%6'3&" 63" %;3'." *6-5<65-%)"
.%(%>0"3&"6,0"HI8*"CDaE7"8,0"*%(2)0*"A0-0"6,0&"<3))0<60."
:9"4')60-'&>"A'6,"O7QR("I9)3&"4')60-"(0(:-%&0="-'&*0."A'6,"
.'*6'))0." A%60-" 5&6')" &056-%)" 2V7" 8,0" 45&<6'3&%)'?0."
JKHI8*" [GHI8*]" A0-0" 6,0&" .'*20-*0." '&" A%60-" 63"
.060-('&0"6,0'-"*5*20&*'3&"*6%:')'697"G3-"6,0".'*20-*'3&"60*6="

O7O#"(>"34" *'1"GHI8*" *%(2)0*"A%*" .'*20-*0." '&" $"(`"34"
6,0" *3);0&6"%&." *3&'<%60." 43-"D#"('&560*" %&." )046" 63" *066)07"
L%(2)0*"A0-0"3:*0-;0."43-"%>>-0>%6'3&"%6"-0>5)%-"'&60-;%)*="
A,0-0"*6%:)0"*5*20&*'3&"A'))"&36"%>>-0>%60";'*':)9"%460-"QF"
,7" @&" %..'6'3&" 63" 6,0" .'*20-*'3&" 60*6=" GHI8*" *%(2)0*"A0-0"
%&%)9?0.":9":%<+"6'6-%6'3&"(06,3."63".060-('&0":36,"%<'.'<"
%&." :%*'<" *'60*" b5%&6'6%6';0)97" 8,0" 6'6-%6'3&" (06,3." A%*"
%.%260." A'6," *)'>,6" (3.'4'<%6'3&c" :-'04)9" *%(2)0*" A0-0"
,0%60."%6"DOO3H" 63" -0(3;0"(3'*65-0" CDSE7"8,0"*%(2)0"A%*"
6,0&"%..0."'&63"O7OD"I"I%UV"%&."*6'--0."43-"F\",35-*"%&."
<0&6-'45>0."43-"D#"('&560*":043-0"6'6-%6'&>"A'6,"O7OD"I"VH)"
5*'&>"%""2V"'&.'<%63-"63"(3&'63-"6,0"2V"<,%&>07"
 
2.2.2  Enzyme immobilization  
 
" 8,0"'((3:')'?0."69-3*'&%*0"A%*"2-02%-0."3&"GHI8*"
%*" %&" 0&?9(0" '((3:')'?%6'3&" <%--'0-7" @&" 6,'*" A3-+=" 6,0"
69-3*'&%*0"'((3:')'?%6'3&"A%*".3&0":9"2,9*'<%)"%.*3-26'3&"
(06,3.7" B&?9(0" *3)56'3&" A'6," <3&<0&6-%6'3&" 34"
%22-31'(%60)9" O7D" (>^(`" A%*" 2-02%-0." 5*'&>" 2,3*2,%60"
:5440-" O7D" (J=" 2V" S7O7" 8,0" *%(2)0*" 34" GHI8*" %&."
JKHI8*"A0-0"'((0-*0."'&63"6,0"69-3*'&%*0"*3)56'3&7"8,0"
('165-0"A%*"'&<5:%60."3;0-&'>,6"%6"FTH7"8,0")0%<,'&>"*65.9"
A%*".3&0"3&" 6,0" *%(2)0*" 43-"%"20-'3."34" 6'(0" 63" <%)<5)%60"
6,0"%(35&6"34"0&?9(0"'((3:')'?0.7"
"
2.3 Characterization  
 
2.3.1 Fourier-Transform Infra-Red Spectroscopy  
 
" G8/@d"*20<6-%"A0-0"-0<3-.0."'&"6-%&*('**'3&"(3.0"'&"
6,0" *20<6-%)" -%&>0" 34" FOOO/FOO" <(/D" 5*'&>" 236%**'5("
:-3('.0" [WZ-]".'*<"(06,3.7"WZ-".'*<"20))06"A%*"2-02%-0."
:9"2-0**5-'&>"6,0"23A.0-9"('165-0"34"*%(2)0"%&."WZ-"A'6,"
%" ,9.-%5)'<" 25(2" %6" S" 63&&07" X" _0-+'&/B)(0-" G8/@d"
*20<6-32,363(060-"A%*"5*0.7"" 
 
2.3.1 Field Emission Scanning Electron  
 Microscope (FESEM) 
 
" GBLBJ" %&%)9*'*" 34" %))" *%(2)0*" A%*" .060-('&0."
5*'&>" YBU`" Q$O=" Y%2%&7" 8,0" *%(2)0*" A0-0" %&%)9*0." 3&"
<%-:3&" 6%20"A'6,356" 45-6,0-"<3%6'&>"%&."('<-3>-%2,*"A0-0"
6%+0&"%6"%"(%>&'4'<%6'3&"-%&>0"34"DO="OOOe"63"S#=OOOe7""""
"
2.3.2 UV-Visible spectroscopy (UV-Vis) 
 
" 8,0" %(35&6" 34" '((3:')'?0." 69-3*'&%*0" A%*"
(3&'63-0.":9"fg/g'*"*20<6-3(060-":%*0."3&"`3A-9"%**%97"
fg/g'*" *20<6-%" 34" 0&?9(0" *3)56'3&" :043-0" %&." %460-"
'((3:')'?%6'3&" 6-0%6(0&6" A0-0" -0<3-.0." :9" L,'(%.?5"
*20<6-3(060-" 320-%6'&>" :06A00&" DNO" &(" 63" SOO" &(" %&."
<3(2%-0."63"%"2-02%-0."ZLX"*6%&.%-."*3)56'3&7"
"
3. RESULTS & DISCUSSION 
"

8,0"<,0('<%)"31'.%6'3&"2-3<0**"320&*"6,0"0&."<%2"34"
HI8*" %&." <-0%60." 45&<6'3&%)" (3'06'0*" %6" 6,'*" %<6';0" *'60"
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%)3&>"A'6,"36,0-" -0%<6';0".040<6" *'60*" %)3&>" 6,0"A%))*7"8,0"
(06,3.*" 34" 31'.%6'3&" 5*0." '&" 6,'*" *65.9" %-0" <%2%:)0" 34"
45&<6'3&%)'?'&>" JKHI8*" :56" ,%;0" .'440-0&6" 31'.%6'3&"
%:')'69" A'6," %<'." ('165-0" %*" *6-3&>" 31'.%&6" A,')0" WJ&UF"
*3)56'3&" A'6,356" %<'." <%6%)9*6" '*" %" (')." 31'.%&67" 8,0" %<'."
('165-0" '*",'>,)9"31'.%6';0"A'6," 6,0"%:')'69" 63":-0%+"3-"<56"
6,0"65:0*"34"JKHI8*".020&.'&>"3&"6,0"60<,&'b50"5*0."43-"
6,0" 31'.%6'3&" -0%<6'3&" %&." '*" -0>%-.0." %*" %" ,%-*,"(06,3.7"
B;0&6,35>,=" 6,0" WJ&UF" '*" %" (')." 31'.%&6=" '6" '*" *6-3&>"
0&35>," 63" >0&0-%60" 45&<6'3&%)" >-352*" 3&" JKHI8*" A'6,"
.'440-0&6" %(35&6"34" 45&<6'3&%)">-352*=".020&.'&>"523&" 6,0"
60<,&'b50"34"31'.%6'3&"-0%<6'3&"5*0.7"8,0"45&<6'3&%)'?%6'3&"
34" JKHI8*" A%*" *65.'0." :9" G8/@d" *20<6-%" %*" *,3A&" '&"
G'>5-0"D7"

8,0" 2-0*0&<0" 34" ,9.-319)" >-352*" '*" <3&*'*60&6" A'6,"
6,0":-3%."20%+"3:*0-;0."'&"6,0"-%&>0"34"$OOO"63"$aOO"<(/D"
%&." 6,0" 2-0*0&<0" 34" <%-:319)" >-352*" %6" DSQO" <(/D" 43-" %))"
*%(2)0*7"8,0" *)'>,6" *,'46"34" <%-:319)"20%+" 4-3("DS#O"<(/D"
63" %" )3A0-" A%;0)0&>6," 34" DSQO" <(/D" '*" <%5*0." :9"
<3&h5>%6'3&"0440<6".50"63"6,0"%66%<,(0&6"63":0&?0&0"-'&>"34"
HI8*"A%))"3-"%6"0&."65:07"

"

8,0" <%-:319)" 20%+" %)*3" 3;0-)%220." A'6," %&36,0-" 20%+" 34"
Da#O" <(/D" 34" ,9.-3>0&/:3&.0." <%-:3&9)" *6-06<,'&>7,'*" V/
:3&.0." <%-:3&9)" *6-06<,'&>" A%*" %)*3" *23660." :9" 36,0-"
-0*0%-<,0-*":56"%6"Da$a"<(/D"%&."6,0"3<<5--0&<0"34"6,'*"20%+"
'*"5*0."63"*5223-6"6,0"2-0*0&<0"34"<%-:319)">-352*"3&"HI8*"
CDSE7" i5-'&>" 6,0" -0%<6'3&=" (%&>%&0*0" '3&" [J&]" 31'.%6'3&"
*6%60" 34" jS" A%*" -0.5<0." 63" jF" :9" 43-('&>" (%&>%&0*0"
.'31'.0" [J&UQ]" <3(235&.7" 8,0" )0463;0-" -0.5<0."
(%&>%&0*0" 2-0*0&<0" <%&" :0" .060<60." '&" G8/@d" *20<6-%" 34"
0;0-9" *%(2)0" %6" 6,0" 4'&>0-2-'&6" -0>'3&" 34" #$N" <(/D7" 8,0"
43-(%6'3&" 34" J&UQ" <%&" %)*3" :0" 3:*0-;0." .'-0<6)9" .5-'&>"
-0%<6'3&"6,-35>,"<,%&>0*"'&"('165-0"<3)3-="4-3(".%-+"25-2)0"
63".%-+":-3A&7"8,'*"3:*0-;%6'3&"'*"<3--3:3-%60.":9"2-0;'35*"
-0*0%-<,"CD\E7"@&"3-.0-"63";0-'49"6,0"2-0*0&<0"34"(%&>%&0*0"
.'31'.0" %460-" 6-0%6(0&6=" %" *%(2)0"34" <3((0-<'%)" %&%)96'<%)"
>-%.0"(%&>%&0*0".'31'.0" '*"%&%)9?0.":9"G8/@d7"8,0"-0*5)6"
.0(3&*6-%60."%",'>,"'&60&*'69"*,%-2"20%+"%6"#$N"<(/D",0&<0="
<3&4'-('&>" 6,0" 2-0*0&<0" 34" (%&>%&0*0" .'31'.0" )0463;0-"
4-3("6,0"0120-'(0&67"8,0"G8/@d"-0*5)6*"34"45&<6'3&%)'?%6'3&"
%-0"*5223-60.":9"6'6-%6'3&"-0*5)6"%*"*,3A&"'&"8%:)0"D7"
 

" "
G'>5-0"Dk"L20<6-%"34"GHI8*"4-3("632k"[%]"%<'./-04)51="[:]"%<'./*3&'<="[<]%<'./*6'-="[.]"WJ&UF"l*6'-="[0]"WJ&UF"l-04)51="[4]"WJ&UF"l*3&'<"
%&."[>]"<3((0-<'%)"J&UQ7""
"
"

8%:)0"Dk"8'6-%6'3&"-0*5)6*"34"GHI8*"
"

L%(2)0" /HUUV"
<3&<0&6-%6'3&"
[((3)^>]"

/UV"
<3&<0&6-%6'3&"
[((3)^>]"

X<'./-04)51" \7#mO7QN" D7DmO7Q$"
X<'./*3&'<" N7QmO7QS" D7$mO7Q$"
X<'./*6'-" $7#mO7QF" D7FmO7QQ"
WJ&UF"l-04)51" D7QmO7Q$" Q7OmO7QF"
WJ&UF"l*3&'<" F7$mO7QS" Q7\mO7Q#"
WJ&UF"l*6'-" Q7#mO7QF" D7\mO7QD"
Li"[&n$]"

"
"

8,0"(3-2,3)3>9" 34" 2-'*6'&0" 3-" 5&6-0%60."JKHI8*"
,%*" *(336," %&." *6-5<65-0." A%))*" %*" *,3A&" '&" G'>5-0" Q7"

V3A0;0-="%460-"6,0"&%&365:0*"A0-0"6-0%60."01<0**';0)9"A'6,"
%<'.=" 6,0" (%h3-'69" 34" 6,0" &%&365:0*o" A%))" *6-5<65-0" 34"
*(336,"A%))",%."<,%&>0"63">-33;9"*5-4%<0"*6-5<65-0"%*"*00&"
'&"6,0"%<'./6-0%60."('<-3>-%2,"34"HI8*7"8,0*0">-33;9"A%))*"
A0-0" %<65%))9" 43-(0." :9" .040<6" *'60*" '&6-3.5<0." ;'%"
<%-:319)'<">-352"%66%<,(0&6"63"6,0"*'.0"A%))"%&."-0*5)60."'&"
*A0))'&>"34"6,0"HI8*"4)3**7"8,0"2-0*0&<0"34"'(25-'6'0*"*5<,"
%*"<%6%)9*6"3-"*5223-6"6,%6"<%&":0"3:*0-;0."'&"2-'*6'&0"HI8*"
('<-3>-%2,"%*":-'>,6" 2%-6'<)0*"A'6,":5&.)0*"34"&%&365:0" '*"
<'-<)0." '&" G'>5-0" Q7" 8,0" 2-0*0&<0" 34" '(25-'6'0*" A0-0" &36"
.060<60." '&" 6,0" %<'." 6-0%60."JKHI8*=" A,'<," '*" 2-3:%:)9"
.50" 63" 6,0" 31'.%6'3&" .5-'&>" -0%<6'3&" A'6," %<'.7" 8,0" (3*6"
<3((3&"<%6%)9*6"5*0."43-"HI8*"2-3.5<6'3&"'*"(%'&)9"(06%)"
3-"(06%)"31'.0"6,%6"<%&":0".'**3);0."%&."31'.'?0.":9"%<'.*"
%&."6,0"-0*5)6"'*"%*"0120<60.7"G5-6,0-"A%*,'&>"A'6,".'*6'))0."
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4. CONCLUSION"
"
@&"<3&<)5*'3&="31'.%&6*",%;0"*'>&'4'<%&6"0440<6"3&"6,0"
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6,0" GHI8*7" 80<,&'b50" 43-" 31'.%6';0" -0%<6'3&" %)*3"
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